The skeleton in primary hyperparathyroidism: a review focusing on bone remodeling, structure, mass, and fracture.
The mechanisms behind the influence of PHPT on the skeleton are closely connected with bone turnover. Throughout life, the skeleton is continuously renewed by bone remodeling, a process which serves the purpose of repairing damaged bone and adapting the skeleton to changes in physical load. In this process, old bone is removed by osteoclastic resorption and new bone is laid down by osteoblastic formation. Bone mass increases with growth in the first decades of life, and around the age of 30 years the peak bone mass is reached. Thereafter, as a result of mechanisms involving bone remodeling, a net bone loss is seen: 1) A reversible bone loss because of increase in the remodeling space, i.e., the amount of bone resorped but not yet reformed during the remodeling cycle. This mechanism leads to decrease in average trabecular thickness and cortical width, and to increase in cortical porosity. 2) An irreversible bone loss caused by negative bone balance, where the amount of bone formed by the osteoblasts is exceeded by the amount of bone resorbed by the osteoclasts at the same remodeling site. Consequently, progressive thinning of trabecular elements, reduced cortical width and increased cortical porosity is seen. 3) Finally, perforation of trabecular plates by deep resorption lacunae leads to complete irreversible removal of structural bone components. Parathyroid hormone, together with vitamin D, are the principal modulators in calcium homeostasis. The main actions of PTH are executed in bone and kidneys. In the kidneys, PTH increases the tubular re-absorption of calcium, thereby tending to increase serum calcium. PTH also induces increased conversion of 25(OH)-D to 1,25(OH)2-D. This last action, enhances intestinal calcium absorption and increased skeletal calcium mobilization, which further adds to the circulating calcium pool. In bone, the "acute" regulatory actions of PTH on serum calcium are probably accompliced via activation of osteocytes and lining cells. A second mechanism of PTH in bone is the regulation of bone remodeling. The action seems to be an increased recruitment from osteoblastic precursor cells and activation of mature osteoclasts. It is supposed that these responses are predominantly mediated indirectly through actions on osteoblast-like or nonosteoblast-like stromal cells, as osteoclasts themselves to not have PTH receptors. Bone metabolism and bone mass are studied by biochemical bone markers, bone histomorphometry, and densitometry. As bone markers and bone histomorphometry give information on bone metabolism from different points of view, these methods are preferably combined. Histomorphometry gives detailed information about bone turnover on cellular level, the whole remodeling sequence is described, and the bone balance can be calculated. However, they focus on a small volume, and may, therefore, not be representative for the whole skeleton. On the other hand, studies of bone markers supply general information about turnover in the whole skeleton, but they do not give facts on the bone turnover on the cellular or tissue level and bone balance. Bone densitometry is the principal method in studying bone mass, but valuable information concerning bone structure also comes from histomorphometry. Bone remodeling is considerably increased in PHPT. Studies of bone markers show increase in both resorptive and formative markers, and the increases seem to be of equivalent size. This is in agreement with histomorphometric findings and shows that the coupling between resorption and formation is preserved. By histomorphometry on iliac crest biopsies, trabecular bone remodeling is found increased by 50%, judged by the increase in activation frequency; a measure of how often new remodeling is initiated on the trabecular bone surface. In PHPT, such remodeling activity is repeated about once every year. Reconstruction of the whole remodeling sequence does not show major deviations in lengths of the resorptive and formative periods compared to normal. Furthermore, the amount of bone removed by the osteoclasts during the resorptive phase is matched by the amount of new bone formed by the osteoblasts leading to a bone balance very close to zero. Compared with trabecular bone, the turnover rate in cortical bone is considerably lower, around 10%. Remodeling of the cortical bone takes place at the endocortical, the pericortical, and the Haversian surfaces. Endocortical bone remodeling activities are very similar to trabecular remodeling activities with good correlation between individual parameters. Periosteal remodeling activity is negligible in PHPT, as it is in the normal state. Cortical porosity, which reflects the remodeling activity on the Haversian surface, is increased by 30-65% in PHPT. (ABSTRACT TRUNCATED)